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1. 

FSKDEMODULATOR, FM DEMODULATOR, 
AND RELATED METHOD WITH A BUILD-IN 

BAND-PASS FILTER 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 
The present invention relates to a frequency shift keying 

(FSK) demodulator circuit and frequency modulation (FM) 
demodulator circuit, and more particularly, to an FSK 10 
demodulator circuit and FM demodulator circuit utilizing a 
band-pass filter to shift phase. 

2. Description of the Prior Art 
The tendency of chip integration continues to head towards 

more logic components and Smaller areas. At present, a chip 15 
designer lessens external components for lowering cost and 
reducing the areas of the circuit as far as possible. Hence, an 
essential technology becomes integrating external compo 
nents into an internal chip. Such as integrating a filter into a 
chip. 2O 
The development of wireless communication changes with 

each passing day since the 19" century discovery of electro 
magnetic waves. Regardless if commercial usage or other 
field, wireless communication is closely linked to human 
daily use. The audible frequency range of a human ear, from 25 
about 20 Hz to 20 kHz, is difficult to transmit by radio. 
Therefore, transmitters use higher frequencies to transmit 
wireless waves (called carrier waves) and hide information in 
the carrier waves. Receivers return information from the car 
rier waves. By modulating and demodulating signals, signals 30 
can be transmitted farther. The drawback of transmitting sig 
nals wirelessly is that there is noise interference. Hence, 
demodulating the original signal correctly becomes an essen 
tial technology in wireless communication. 

Please refer to FIG. 1 that is a diagram of a frequency 35 
modulation (FM) demodulator circuit 10 according to the 
prior art. The FM demodulator circuit 10 includes a discrimi 
nator 12 and a multiplier 14. The discriminator 12 includes a 
resistor R, a capacitor C, and an inductor L. A first end of the 
resistor R is coupled to a first end of the capacitor C, a first end 40 
of the inductor L, and a first input end 142 of the multiplier 14. 
A second end of the resistor R is coupled to a second end of 
the capacitor C, a second end of the inductor L, and ground. A 
frequency modulated signal FM is coupled to a second input 
end 144 of the multiplier 14 and an input end 122 of the 45 
discriminator 12. The discriminator 12 includes a center fre 
quency fe which equals 1/(2*pisqrt(L*C)). When the fre 
quency of the frequency modulated signal FM is exactly fic, a 
phase difference between the frequency modulated signal FM 
and a signal outputted from the discriminator 12 is exactly 90 50 
degrees. When the frequency of the frequency modulated 
signal FM is fic--ifsig, the phase difference between the fre 
quency modulated signal FM and the signal outputted from 
the discriminator 12 is exactly (90+kfsig) degrees. When the 
frequency of the frequency modulated signal FM is fe-fsig, 55 
the phase difference between the frequency modulated signal 
FM and the signal outputted from the discriminator 12 is 
exactly (90-kfsig) degrees. Inputting the frequency modu 
lated signal FM and the signal outputted from the discrimi 
nator 12 into the multiplier 14 and multiplying can detect 60 
whether the phase difference between the frequency modu 
lated signal FM and the signal outputted from the discrimi 
nator 12 is greater or less than 90 degrees. This derives the 
value and the polarity (positive or negative) of the frequency 
fsig and derives the frequency of the frequency modulated 65 
signal FM (fc--ifsig or fc-fsig) further. The derived frequency 
is utilized for returning the information of the frequency 

2 
modulated signal FM, and then completing the demodulation 
of the frequency modulation (FM). 

Please refer to FIG. 2 that is a diagram of a frequency shift 
keying (FSK) demodulator circuit 20 according to the prior 
art. The FSK demodulator circuit 20 includes a discriminator 
12, a multiplier 14, and an analog-to-digital converter 26. The 
analog-to-digital converter 26 is coupled to the multiplier 14 
for converting a result outputted from the multiplier 14 into 
digital data. The discriminator 12 includes a resistor R, a 
capacitor C, and an inductor L. A first end of the resistor R is 
coupled to a first end of the capacitor C, a first end of the 
inductor L, and a first input end 142 of the multiplier 14. A 
second end of the resistor R is coupled to a second end of the 
capacitor C, a second end of the inductor L, and ground. A 
frequency shift keying signal FSK is coupled to a second 
input end 144 of the multiplier 14 and an input end 122 of the 
discriminator 12. The discriminator 12 includes a center fre 
quency fe which equals 1/(2*pisqrt(L*C)). When the fre 
quency of the frequency shift keying signal FSK is exactly fic, 
a phase difference between the frequency shift keying signal 
FSK and a signal outputted from the discriminator 12 is 
exactly 90 degrees. When the frequency of the frequency shift 
keying signal FSK is fe--fsig, the phase difference between 
the frequency shift keying signal FSK and the signal output 
ted from the discriminator 12 is exactly (90+k*fsig) degrees. 
When the frequency of the frequency shift keying signal FSK 
is fe-fsig, the phase difference between the frequency shift 
keying signal FSK and the signal outputted from the discrimi 
nator 12 is exactly (90-kfsig) degrees. Inputting the fre 
quency shift keying signal FSK and the signal outputted from 
the discriminator 12 into the multiplier 14 and multiplying 
can detect whether the phase difference between the fre 
quency shift keying signal FSK and the signal outputted from 
the discriminator 12 is greater or less than 90 degrees. This 
derives the value and the polarity (positive or negative) of the 
frequency fsig and derives the frequency of the frequency 
shift keying signal FSK (fc+fsig or fc-fsig) further. The 
derived frequency is utilized for returning the information of 
the frequency shift keying signal FSK, and then completing 
the demodulation of the frequency shift keying (FSK). 
Due to the centerfrequency fe of the discriminator 12 being 

equal to 1/(2*pisqrt(L*C)), when the center frequency fe is 
very low, a large capacitance and inductance are required to 
reach it. A large internal capacitor and inductor are unable to 
be used on a chip. Therefore, an external capacitor and induc 
tor are needed. The drawbacks of the method are that it wastes 
large printed circuit board (PCB) area and raises the cost. 

SUMMARY OF THE INVENTION 

The claimed invention provides an FSK demodulator cir 
cuit with a build-in band-pass filter. The FSK demodulator 
includes a band-pass filter, an auto-calibration loop, a phase 
comparator, and an analog-to-digital converter. The band 
pass filter is used as a phase shifter of the FSK demodulator 
for shifting phase of an FSK signal to generate a revised FSK 
signal. The auto-calibration loop is coupled to the band-pass 
filter for adjusting a center frequency of the band-pass filter. 
The first input end of the phase comparator is coupled to an 
output end of the band-pass filter, and the second input end of 
the phase comparator is used for receiving the FSK signal. 
The phase comparator is used for comparing the FSK signal 
with the revised FSK signal for a phase difference and out 
putting a comparison result. The analog-to-digital converter 
is coupled to the phase comparator for converting the results 
of the phase comparator into digital data. 
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The claimed invention provides an FM demodulator circuit 
with a build-in band-pass filter. The FM demodulator 
includes a band-pass filter, an auto-calibration loop, and a 
phase comparator. The band-pass filter is used for shifting 
phase of an FSK signal to generate a revised FSK signal. The 
auto-calibration loop is coupled to the band-pass filter for 
adjusting a center frequency of the band-pass filter. The first 
input end of the phase comparator is coupled to an output end 
of the band-pass filter, and the second input end of the phase 
comparator is used for receiving the FSK signal. The phase 
comparator is used for comparing the FSK signal with the 
revised FSK signal for a phase difference and outputting a 
comparison result. 
The claimed invention provides an FSK demodulating 

method. The FSK demodulating method includes shifting a 
phase of an FSK signal to generate a revised FSK signal, 
adjusting a center frequency for calibrating the phase shifting 
of the FSK signal, comparing the FSK signal with the revised 
FSK signal for a phase difference and outputting a compari 
son result, and converting the comparison result into digital 
data. 
The claimed invention provides an FM demodulating 

method. The FM demodulating method includes shifting a 
phase of an FSK signal to generate a revised FSK signal, 
adjusting a center frequency for calibrating the phase shifting 
of the FSK signal, and comparing the FSK signal with the 
revised FSK signal for a phase difference and outputting a 
comparison result. 

These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art after 
reading the following detailed description of the preferred 
embodiment that is illustrated in the various figures and draw 
1ngS. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of an FM demodulator circuit accord 
ing to the prior art. 

FIG. 2 is a diagram of an FSK demodulator circuit accord 
ing to the prior art. 

FIG. 3 is a diagram of an FM demodulator circuit accord 
ing to an embodiment of the present invention. 

FIG. 4 is a diagram illustrating the auto-calibration loop in 
FIG. 3. 

FIG. 5 is a diagram of an FSK demodulator circuit accord 
ing to an embodiment of the present invention. 

DETAILED DESCRIPTION 

Please refer to FIG. 3 that is a diagram of an FM demodu 
lator circuit 30 according to an embodiment of the present 
invention. The FM demodulator circuit 30 includes a band 
pass filter 34, an auto-calibration loop 32, and a phase com 
parator 36. The band-pass filter 34 is used as a phase shifter of 
the FM demodulator circuit 30 for shifting phase of a fre 
quency modulated signal FM. The band-pass filter 34 
includes a center frequency fe. When the frequency of the 
frequency modulated signal FM is exactly fic, a phase differ 
ence between the frequency modulated signal FM and a sig 
nal outputted from the band-pass filter 34 is exactly 0 degrees. 
When the frequency of the frequency modulated signal FM is 
fe+fsig, the phase difference between the frequency modu 
lated signal FM and the signal outputted from the band-pass 
filter 34 is kfsig degrees. When the frequency of the fre 
quency modulated signal FM is fe-fsig, the phase difference 
between the frequency modulated signal FM and the signal 
outputted from the band-pass filter 34 is negative kfsig 
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4 
degrees. The auto-calibration loop 32 is coupled to the band 
pass filter 34 for adjusting the center frequency fe of the 
band-pass filter 34. The first input end 362 of the phase 
comparator 36 is coupled to an output end of the band-pass 
filter 34, and the second input end 364 of the phase compara 
tor 36 is used for receiving the frequency modulated signal 
FM. The phase comparator 36 is used for comparing the 
frequency modulated signal FM and the signal outputted 
from the band-pass filter 34 for a phase difference. Detecting 
whether the phase difference between the frequency modu 
lated signal FM and the signal outputted from the band-pass 
filter 34 is greater or less than 0 degrees can derive the value 
offsig. This derives the value and the polarity (positive or 
negative) of the frequency fsig and derives the frequency of 
the frequency modulated signal FM (fc--ifsig or fc-fsig) fur 
ther. The derived frequency is utilized to return the informa 
tion of the frequency modulated signal FM to complete the 
demodulation of the frequency modulation. The band-pass 
filter 34, the auto-calibration loop 32, and the phase compara 
tor 36 are integrated on a same chip. The band-pass filter 34 
and the auto-calibration loop 32 include the same compo 
nents. For an example, the band-pass filter 34 is a transcon 
ductance-c filter, and the auto-calibration loop 32 is an inte 
grator comprising transconductors and capacitors. 

Please refer to FIG. 4. FIG. 4 is a diagram illustrating the 
auto-calibration loop 32 in FIG. 3. The auto-calibration loop 
32 includes an oscillator 322, an integrator 324, an amplitude 
comparator 325, and a working voltage adjuster 326. The 
oscillator 322 is a quartz oscillator for generating a reference 
clock signal CLK with a frequency fe. In one embodiment, 
the reference clock signal CLK is a sine-wave signal. The 
quartz oscillator is suited to be the standard of the amplitude 
comparator due to the stable frequency characteristics. The 
integrator 324 is coupled to the oscillator 322 for generating 
an output amplitude according to a working Voltage V1. The 
integrator 324 includes a unity gain frequency fu that corre 
sponds to the output amplitude. The amplitude comparator 
325 includes a first input end 252 coupled to the integrator 
324 for receiving the output amplitude and a second input end 
254 coupled to the oscillator 322. The amplitude comparator 
325 is used for comparing the output amplitude of the inte 
grator 324 with the amplitude of the reference clock signal 
CLK and outputting a comparison result. The working Volt 
age adjuster 326 has an input end 262 coupled to the ampli 
tude comparator 325, and an output end 264 coupled to the 
integrator 324 and the band-pass filter 34 (not shown in FIG. 
4). The working voltage adjuster 326 is used for tuning the 
working voltage V1 of the integrator 324 and the band-pass 
filter 34 according to the comparison result. The integrator 
324 includes a transconductor gm and a capacitor C. The 
transconductor gm is coupled to the oscillator 322 and the 
working Voltage adjuster 326 for generating a driving signal 
according to the reference clock signal CLK and the working 
voltage V1. The capacitor C is coupled to the transconductor 
gm for charging or discharging to generate the output ampli 
tude according to the driving signal outputted from the 
transconductor gm. 
The integrator 324 includes a unity gain frequency fu that 

is decided by the transconductor gm and the capacitor C with 
an equation fu-transconductance/(2*piC). Therefore, the 
unity gain frequency fu of the integrator 324 is the same as the 
center frequency fe of the band-pass filter 34 due to replicat 
ing the same capacitor Cand the same transconductor gm that 
the conductance of the transconductor gm is equal to the 
band-pass filter 34. The integrator 324 and the band-pass filter 
34 adjust simultaneously due to the unity gain frequency fu of 
the integrator 324 corresponding with the center frequency fe 
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of the band-pass filter 34. The gain of the integrator 324 is 1 
when working at frequency fu, that is the amplitude of the 
input Voltage Vin equals the amplitude of the output Voltage 
Vout, The gain of the integrator 324 is greater than 1 when 
working at frequency higher than ful, meaning that the ampli 
tude of the output voltage Vout is larger than the amplitude of 
the input voltage Vin. The gain of the integrator 324 is less 
than 1 when working at frequency less than fu, meaning that 
the amplitude of the output voltage Vout is less than the 
amplitude of the input Voltage Vin. The unity gain frequency 
fu can be adjusted by this characteristic of the integrator 324. 
Finally, the unity gain frequency fu of the integrator 324 is 
adjusted equivalent to the center frequency fe of the band 
pass filter 34. 

Please refer to FIG. 5. FIG. 5 is a diagram of an FSK 
demodulator circuit 50 according to an embodiment of the 
present invention. The FSK demodulator circuit 50 includes a 
band-pass filter 34, an auto-calibration loop 32, a phase com 
parator 36, and an analog-to-digital converter 56. The analog 
to-digital converter 56 is coupled to the phase comparator 36 
for converting a result outputted from the phase comparator 
36 into digital data. The band-pass filter 34 is used as a phase 
shifter of the FSK demodulator circuit 50 for shifting phase of 
a frequency shift keying signal FSK. The band-pass filter 34 
includes a center frequency fe. When the frequency of the 
frequency shift keying signal FSK is exactly fe, a phase 
difference between the frequency shift keying signal FSK and 
a signal outputted from the band-pass filter 34 is exactly 0 
degrees. When the frequency of the frequency shift keying 
signal FSK is fe--fsig, the phase difference between the fre 
quency shift keying signal FSK and the signal outputted from 
the band-pass filter 34 is kifsig degrees. When the frequency 
of the frequency shift keying signal FSK is fe-fsig, the phase 
difference between the frequency shift keying signal FSK and 
the signal outputted from the band-pass filter 34 is negative 
k*fsig degrees. The auto-calibration loop 32 is coupled to the 
band-pass filter 34 for adjusting the center frequency fe of the 
band-pass filter 34. The first input end 362 of the phase 
comparator 36 is coupled to an output end of the band-pass 
filter 34, and the second input end 364 of the phase compara 
tor 36 is used for receiving the frequency shift keying signal 
FSK. The phase comparator 36 is used for comparing the 
frequency shift keying signal FSK with the signal outputted 
from the band-pass filter 34 for a phase difference. Detecting 
the phase difference between the frequency shift keying sig 
nal FSK and the signal outputted from the band-pass filter 34 
is greater or less than 0 degrees can derive the value offsig. 
This derives the frequency of the frequency shift keying sig 
nal FSK (fc--ifsig or fc-fsig) further. The derived frequency 
can be utilized to return the information of the frequency shift 
keying signal FSK. The band-pass filter 34, the auto-calibra 
tion loop 32, the phase comparator 36, and the analog-to 
digital converter 56 are integrated on a same chip. The band 
pass filter 34 and the auto-calibration loop 32 include the 
same components. For an example, the band-pass filter 34 is 
a transconductance-c filter, and the auto-calibration loop 32 is 
an integrator comprising transconductors and capacitors. 
The above-mentioned embodiments illustrate but do not 

limit the present invention. The band-pass filter 34 and the 
auto-calibration loop 32 are not restricted to specific compo 
nents only. The band-pass filter 34 and the auto-calibration 
loop 32 comprising same components belong to the category 
of the present invention. Furthermore, other external circuits 
can be applied depending on user's demand. 

In conclusion, the present invention provides an FM 
demodulator circuit 30 and an FSK demodulator circuit 50 
with a build-in band-pass filter. Being without external 
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6 
capacitors and inductors as a phase shifter can lower the cost 
and save PCB area. The auto-calibration loop 32 to get a 
higher quality FM demodulating or FSK demodulating can 
fix the center frequency fe of the band-pass filter 34. Further 
more, the circuit used for detecting whether the phase differ 
ence is greater or less than 0 degrees is easier than the circuit 
used for detecting whether the phase difference is greater or 
less than 90 degrees. 

Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method may 
be made while retaining the teachings of the invention. 
Accordingly, the above disclosure should be construed as 
limited only by the metes and bounds of the appended claims. 

What is claimed is: 
1. A frequency shift keying (FSK) demodulator with build 

in band-pass filter, the FSK demodulator comprising: 
a band-pass filter, which is used as a phase shifter of the 
FSK demodulator for shifting phase of an FSK signal to 
generate a revised FSK signal; 

an auto-calibration loop coupled to the band-pass filter for 
adjusting a center frequency of the band-pass filter, 
wherein the auto-calibration loop comprises: 
an oscillator for generating a reference clock signal; 
an integrator coupled to the oscillator for generating an 

output amplitude according to the reference clock 
signal and a working Voltage; 

an amplitude comparator including a first input end 
coupled to the integrator, and a second input end 
coupled to the oscillator, the amplitude comparator 
used for comparing the output amplitude of the inte 
grator with an amplitude of the reference clock signal 
of the oscillator and outputting a comparison result: 
and 

a working Voltage adjuster having an input end coupled 
to the amplitude comparator and an output end 
coupled to the integrator, the working Voltage adjuster 
used for tuning the working Voltage of the integrator 
according to the comparison result outputted from the 
amplitude comparator; 

a phase comparator including a first input end coupled to an 
output end of the band-pass filter, and a second input end 
for receiving the FSK signal, the phase comparator used 
for comparing the FSK signal with the revised FSK 
signal for a phase difference and outputting a compari 
Son result; and 

an analog-to-digital converter coupled to the phase com 
parator for converting the comparison result into digital 
data. 

2. The FSK demodulator of claim 1, wherein the band-pass 
filter and the auto-calibration loop comprise the same com 
ponents. 

3. The FSK demodulator of claim 1, wherein the band-pass 
filter is a transconductance-c filter. 

4. The fsk demodulator of claim 1, wherein the integrator 
includes a unity gain frequency that corresponds with the 
output amplitude. 

5. The FSK demodulator of claim 4, wherein the unity gain 
frequency of the integrator corresponds with the center fre 
quency of the band-pass filter. 

6. The FSK demodulator of claim 1, wherein the integrator 
comprises: 

a transconductor coupled to the oscillator and the working 
Voltage adjuster for generating a driving signal accord 
ing to the reference clock signal and the working Volt 
age; and 



US 7,860,192 B2 
7 

a capacitor coupled to the transconductor for charging or 
discharging to generate the output amplitude according 
to the driving signal of the transconductor. 

7. A frequency modulation (FM) demodulator with build 
in band-pass filter, the FM demodulator comprising: 

aband-pass filter used as a phase shifter of the FM demodu 
lator for shifting phase of an FM signal to generate a 
revised FM signal; 

an auto-calibration loop coupled to the band-pass filter for 
adjusting a center frequency of the band-pass filter, 
wherein the auto-calibration loop comprises: 
an oscillator for generating a reference clock signal; 
an integrator coupled to the oscillator for generating an 

output amplitude according to the reference clock 
signal and a working Voltage; 

an amplitude comparator including a first input end 
coupled to the integrator and a second input end 
coupled to the oscillator, the amplitude comparator 
used for comparing the output amplitude of the inte 
grator with an amplitude of the reference clock signal 
of the oscillator and outputting a comparison result: 
and 

a working Voltage adjuster including an input end 
coupled to the amplitude comparator and an output 
end coupled to the integrator, the working Voltage 
adjuster used for tuning the working Voltage of the 
integrator according to the comparison result output 
ted from the amplitude comparator, and 

a phase comparator including a first input end coupled to an 
output end of the band-pass filter and a second input end 
for receiving the FM signal, the phase comparator used 
for comparing the FM signal with the revised FM signal 
for a phase difference and outputting a comparison 
result. 

8. The FM demodulator of claim 7, wherein the band-pass 
filter and the auto-calibration loop comprise the same com 
ponents. 

9. The FM demodulator of claim 7, wherein the filter is a 
transconductance-c filter. 

10. The FM demodulator of claim 7, wherein the integrator 
includes a unity gain frequency that corresponds with the 
output amplitude. 

11. The FM demodulator of claim 10, wherein the unity 
gain frequency of the integrator corresponds with the center 
frequency of the band-pass filter. 

12. The FM demodulator of claim 7, wherein the integrator 
comprises: 

a transconductor coupled to the oscillator and the working 
Voltage adjuster for generating a driving signal accord 
ing to the reference clock signal and the working Volt 
age; and 

a capacitor coupled to the transconductor for charging or 
discharging to generate the output amplitude according 
to the driving signal of the transconductor. 
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13. A frequency shift keying (FSK) demodulating method, 

the method comprising: 
shifting a phase of an FSK signal to generate a revised FSK 

signal; 
adjusting a center frequency for calibrating the phase shift 

ing of the FSK signal, wherein adjusting the center fre 
quency for calibrating the phase shifting of the FSK 
signal comprises: 
generating a reference clock signal; 
generating an output amplitude according to the refer 

ence clock signal and a working Voltage; 
comparing the output amplitude with an amplitude of 

the reference clock signal and outputting a compari 
son result; and 

adjusting the working Voltage according to the compari 
son result and adjusting the center frequency accord 
ing the adjusted working Voltage; 

comparing the FSK signal with the revised FSK signal for 
a phase difference and outputting a comparison result: 
and 

converting the comparison result into digital data. 
14. The FSK demodulating method of claim 13, further 

comprising: 
generating a driving signal according to the reference clock 

signal and the working Voltage; and 
charging or discharging a capacitor to generate the output 

amplitude according to the driving signal. 
15. A frequency modulation (FM) demodulating method, 

the method comprising: 
shifting the phase of an FM signal to generate a revised FM 

signal; 
adjusting a center frequency for calibrating the phase shift 

ing of the FM signal... wherein adjusting the center fre 
quency for calibrating the phase shifting of the FM sig 
nal comprises: 
generating a reference clock signal; 
generating an output amplitude according to the refer 

ence clock signal and a working Voltage; 
comparing the output amplitude with an amplitude of 

the reference clock signal and outputting a compari 
son result; and 

adjusting the working Voltage according to the compari 
son result and adjusting the center frequency accord 
ing to the adjusted working Voltage; and 

comparing the FM signal with the revised FM signal for a 
phase difference and outputting a comparison result. 

16. The FM demodulating method of claim 15, further 
comprising: 

generating a driving signal according to the reference clock 
signal and the working Voltage; and 

charging or discharging a capacitor to generate the output 
amplitude according to the driving signal. 

k k k k k 


